Nutmeg, Myristica fragrans, is known for its culinary and medicinal values. The nutmeg pericarp, abundant during the production of the seed, is also used in food and beverage preparations. In this study, the pericarp of M. fragrans was evaluated for its bioactive components using in vitro antioxidant and antiinflammatory assays. The hexane, ethyl acetate and methanolic extracts inhibited lipid peroxidation (LPO) by 82.5, 70.1 and 73.2%, and cyclooxygenase enzymes COX-1 by 44, 44 and 42% and COX-2 by 47, 41 and 36%, respectively, at 100 µg/mL. The bioassay-guided purifications of extracts yielded 20 compounds belonged to neolignans (0.13%), phenylpropanoids (0.28%), phenolic aldehyde (0.35%), triterpenoids (0.06%), triglycerides (0.20%), sugars (10.2%) and steroids (0.49%). Pure isolates 1−5 inhibited LPO by 70−99% and 3−12 inhibited COX-1 and -2 enzymes by 37−49%. This is the first report on the bioassay-guided characterization of constituents in nutmeg pericarp. Our results support the medicinal claims of nutmeg pericarp.
Nutmeg (Myristica fragrans Houtt. Myristicaceae) is an evergreen tree indigenous to Indonesia and cultivated in tropical countries. Its fruit consists of the pericarp (fleshy fruit), mace (aril), shell and seed (nutmeg). The mace and seed (nutmeg) are widely used as spice in food products and in traditional medicine as a stomachic, analgesic, stimulant and one of the ingredients in the preparation of Ayurvedic medicine [1] . Studies on mace and the seed have reported extracts and many compounds with antioxidant [2], antiinflammatory [3] , antifungal [4] , antidiabetic [5] and anticancer [6] activities. Phenolic compounds, especially phenylpropanoids, lignans and neolignans, are the major constituents reported from nutmeg seed and mace to possess these bioactivities. Nutmeg pericarp is a high-volume agricultural waste generated during the production of high-value seed and mace. It has been used in the preparation of juice, pickle, jam, cake and jelly recently [7] . Previous studies on nutmeg have been primarily focused on nutmeg mace and seed with limited chemical and biological research on its pericarp [7, 8] . The dried powder of nutmeg, variety IISR Viswashree developed by ICAR-Indian Institute of Spices Research, Kerala, India, was used in this study. The hexane, ethyl acetate and methanolic extracts of its pericarp were evaluated for antioxidant activity using MTT [3-(4,5-dimethylthiazole-2-yl)-2,5diphenyltetrazolium bromide] [9], lipid peroxidation (LPO) [9b,10], and antiinflammatory activity by cyclooxygenase enzyme (COX-1 and -2) inhibitory assays [9b,11] . The pure isolates yielded from bioassay-guided purification of active extracts were characterized by NMR spectral experiments and evaluated for antioxidant and antiinflammatory activities.
The variety of nutmeg used in this study was released for cultivation in 2001 as a high-yielding and high-quality nutmeg clonal selection and now a favorite with farmers in India [12] . The matured fresh fruits of this variety afforded about 83% of pericarp hydroxy-tetramethoxy-8-O-4′-neolignan (4) [14] , erythro-Δ 8′ -4,7dihydroxy-3,3′,5′-trimethoxy-8-O-4′-neolignan (5) [15] , erythro-Δ 8′ -7-hydroxy-3,4,3′,5′-tetramethoxy-8-O-4′-neolignan (6) [13, 15] , erythro-3,4,5-trimethoxy-7-hydroxy-1′-allyl-2′,6′-dimethoxy-8-O-4′-neolignan (7) [16] , erythro-Δ 8′ -7-acetoxy-3,4,3′,5′-tetramethoxy-8-O-4′-neolignan (8) [8b], myristicin (9) [17] , elemicin (10) [8b,17], 2,3-dihydroxy-5-(hydroxymethyl) benzaldehyde (11) [18] , and cycloartenol (12) [19] (Figure 1 ). In addition, trimyristin [20] , myo-inositol [21] , glucose, fructose, a mixture of β-sitosterol and stigmasterol, and mixtures of β-sitosteryl-3-O-β-glucoside and stigmasteryl-3-O-β-glucoside were also isolated and characterized. The structures were characterized by NMR spectral data along with comparison with published spectral data. The pure isolates were phenolics (1-11), a triterpenoid (12), a triglyceride (trimyristin), sugars and steroids. Among these, compounds 3−5, 7, 9, 11, 12, trimyristin and myo-inositol were isolated for the first time from nutmeg pericarp.
All extracts and compounds 1−12 were tested for antioxidant activity using MTT and LPO assays [9,10]. Sugars, the triglyceride and steroidal compounds were not assayed. The MTT assay detects compounds that are able to reduce oxidative agents. In the MTT assay, hexane, ethyl acetate and methanolic extracts (PH, PE and PM) at 100 µg/mL gave absorbance values of 0.71, 0.08 and 0.06 at 570 nm, respectively. Similarly, compounds 1−12 at 25 µg/mL gave absorbance values of about 0.15, 0.11, 0.13, 0.27, 0.19, 0.25, 0.29, 0.16, 0.26, 0.17, 0.30 and 0.17. The results showed the hexane extract with strong activity and compounds from it with moderate or weak activity compared with the positive controls vitamin C and TBHQ with absorbance values of 0.512 and 0.518 at 25 µg/mL. This could be due to potential synergism or additive effects of pure isolates present in the extract. The lipid peroxidation inhibitory (LPO) antioxidant assay detects extracts and compounds that are free radical scavengers. In LPO assay, PH, PE and PM extracts at 100 µg/mL showed good activity with inhibition of 82.5%, 70.1% and 73.2%, respectively. Similarly, compounds 1 and 5 at 5 µg/mL inhibited LPO by 86.2% and 80.8%, respectively, while compound 4 at 10 µg/mL inhibited LPO by 98.7%. At 25 µg/mL, compounds 2, 3 and 6−12 inhibited LPO by 87.9%, 74.1%, 45.1%, 39.3%, 34.4%, 56.7%, 60.7%, 39.3% and 39.7%, respectively. The results showed neolignans (1−5), and phenylpropanoids (9 and 10) with strong LPO inhibition, especially neolignans (1−5) with comparable activity with the positive controls used in the assay, BHA, BHT and TBHQ with the LPO inhibition by 85%, 89% and 94% at 1.802, 2.204 and 1.662 µg/mL, respectively. Compounds 1, 9 and 10 were reported to exhibit good antioxidant activity in DPPH assay as well [22] .
Cyclooxygenase enzyme (COX-1 and -2) inhibitory assays were used to measure the antiinflammatory activity of the extracts and compounds [9b,11] . At 100 µg/mL, the extracts PH, PE and PM showed COX-1 enzyme inhibition of 44%, 44% and 42% and COX-2 by 47%, 41% and 36%, respectively. Similarly, at 25 µg/mL, compounds 3−12 inhibited COX-1 enzyme by 37, 42, 45, 48, 49, 48, 47, 46, 46 and 43% and COX-2 enzyme by 47, 28, 29, 28, 30, 31, 30, 32, 30 and 27%, respectively. Among them, compounds 6−8 showed the highest COX-1 enzyme inhibition similar to that of the over-the-counter (OTC) non-steroidal antiinflammatory drugs (NSAIDs) ibuprofen and aspirin, which were used as positive controls in this assay. Aspirin and ibuprofen inhibited COX-1 enzyme by 62% and 55% at 108 and 12 µg/mL, respectively. Compound 3 showed the highest COX-2 enzyme inhibition of 47%, which was in agreement with the activity reported for compounds 1 and 2 and other compounds with similar structures [23] . Compounds 3, 6, 8 and 9 were also reported to possess antiinflammatory activity against LPS-induced NO production in macrophage RAW264.7 cells [13, 24] .
The dried pericarp (100 g) of nutmeg used in this study afforded a total of 764 mg of phenolic compounds, which included 132 mg of neolignans, 352 mg of phenolic aldehyde and 280 mg of phenylpropanoids. Similarly, other classes of compounds obtained were triterpenoids (57 mg), triglycerides (202 mg), steroids (487 mg) and sugars (10.24 g). Our study also showed phenolic compounds in the pericarp, especially neolignans, were the most active components with both antioxidant and antiinflammatory activities. This is the first report on a bioassay-guided evaluation and characterization of constituents present in the pericarp. In addition, the MTT and LPO antioxidant activities for compounds 1−12 and COX-1 and -2 antiinflammatory activities for compounds 3−12 reported here are for the first time. The in vitro bioassay results reported herein support the notion that nutmeg pericarp also offers health benefits similar to its mace and seed and should be processed as a value-added product.
Experimental

General experimental procedures:
All organic solvents used were of ACS reagent grade (Sigma-Aldrich Chemical Company, St. Louis, MO, USA). Merck silica gel (60 mesh size, 3570 μm, EMD Chemicals, Inc., Gibbstown, NJ, USA) was used for mediumpressure liquid chromatography (MPLC). 250 and 500 μm silica gel plates (Analtech, Inc., Newark, DE, USA) were used for thin-layer chromatography (TLC). NMR spectra were recorded on an Agilent DirectDrive2 500 MHz spectrometer (Agilent Technologies, Palo Alto, CA, USA). MTT [3-(4,5-dimethylthiazole-2-yl)-2,5diphenyltetrazolium bromide], tertbutylhydroquinone (TBHQ), butylatedhydroxyanisole (BHA), butylatedhydroxytoluene (BHT), aspirin, naproxen and ibuprofen were purchased from Sigma-Aldrich Chemical Company (St. Louis, MO, USA). The nonsteroidal anti-inflammatory drug (NSAID) Celeberex ® used was a physician's professional sample. Cyclooxygenase enzymes were prepared in our laboratory from ram seminal vesicles (Oxford Biomedical Research, Inc., Rochester Hills, MI, USA) and insect cells cloned with human PGHS-2 enzyme, respectively. Arachidonic acid was purchased from Oxford Biomedical Research, Inc. (Rochester Hills, MI, USA). 1-Stearoyl-2-linoleoyl-snglycerol-3-phosphocholine (SLPC) was purchased from Avanti Polar Lipids (Alabaster, AL, USA). The fluorescent probe, 3-(p-(6phenyl)-1,3,5-hexatrienyl) phenylpropionic acid was purchased from Molecular Probes (Eugene, OR, USA). MTT antioxidant assay plates were read on a Bio-Tek Elx800 universal microplate reader (Bio-Tek Instruments, Inc., Winooski, VT, USA). COX assays were performed in a micro oxygen chamber with oxygen electrode (Instech Laboratories, Plymouth Meeting, PA, USA) attached to an YSI model 5300 biological oxygen monitor (Yellow Springs Instrument, Inc., Yellow Springs, OH, USA). For lipid peroxidation (LPO) assay, the fluorescence of the test solution was measured on a Turner model 450 Fluorometer (Barnstead Thermolyne Corporation, Dubuque, IA, USA).
Extraction and isolation:
M. fragrans var. IISR Viswashree (IC-537153) fruits were collected in June, 2013 from the research farm at ICAR-Indian Institute of Spices Research, Kozhikode, Kerala, India. The pericarp was separated from mace and seed, sliced to 5 mm thickness, dried in a circulating oven maintained at around 60°C and powdered. The dried pericarp powder (594 g) was sequentially extracted with n-hexane (1L× 3, 2 h), ethyl acetate (1L× 3, 2 h) and MeOH (1L × 3, 2 h) to afford n-hexane PH (6.9 g), ethyl acetate PE (6.4 g) and methanolic extracts PM (96.7 g), respectively. An aliquot of the extract PH (1138 mg) was Antioxidant and anti-inflammatory phenolics from Myristica fragrans Natural Product Communications Vol. 10 (8) 2015 1401 fractionated by silica gel MPLC. The column was eluted under gradient conditions with n-hexane-acetone (10:1, 6:1, 3:1, 2:1, 1:1, v/v) and acetone (100%) to afford fractions A (545 mg), B (283 mg), C (42 mg), D (115 mg), E (104 mg) and F (32 mg). An aliquot of Fr. A (541 mg) was further fractionated by silica gel MPLC with n-hexane-EtOAc (14:1) to yield fractions A1 (72 mg), A2 (213 mg) and A3 (256 mg). An aliquot of Fr. A2 (105 mg) was dissolved in n-hexane. Acetone was added to precipitate pure trimyristin (83 mg). An aliquot of Fr. A3 (18 mg) was purified by preparative TLC (n-hexane-acetone, 5:1, v/v) to afford compound 9 (7.8 mg). An aliquot of Fr. B (115 mg) was separated by silica gel MPLC with n-hexane-EtOAc (10:1, 7:1, 4:1, v/v) to yield 2 fractions B1 (12 mg) and B2 (101 mg). Preparative TLC purification of Fr. B1 (10 mg) with n-hexane-acetone (5:1) gave compound 2 (5.1 mg). Similarly, preparative TLC purification of B2 (38 mg) with CHCl 3 -MeOH (500:1) yielded 10 (18.6 mg) and 12 (7.3 mg). Preparative TLC purification of Fr. C (20 mg) with CHCl 3 -MeOH (600:1) gave 3 (4.0 mg). An aliquot of Fr. D (40 mg) was purified by preparative TLC (n-hexane-acetone, 3:1 and then CHCl 3 -MeOH, 100:1, v/v) to yield compounds 1 (5.6 mg), 6 (6.3 mg), 7 (3.5 mg), and 8 (6.6 mg). An aliquot of Fr. E (37 mg) was purified by preparative TLC ( MTT antioxidant assay: MTT assay was performed according to our previous report [9] . Stock solutions of extracts, compounds 1−12 and positive controls vitamin C and TBHQ were prepared in DMSO (10 mg/mL for extracts, 1 mg/mL for compounds and controls). For example, an aliquot of 10 μL of test sample, 190 μL of MTT (1 mg/mL in water) and 200 μL of DMSO were vortexed in a capped glass vial (2 mL) for 1 min and incubated at 37°C for 24 h.
An aliquot (200 μL) of it was pipetted into a 96-well cell culture plate and absorbance read at 570 nm on a Bio-Tek Elx800 universal microplate reader.
Lipid peroxidation inhibitory assay:
The extract (100 μg/mL), compounds 1 and 5 (5 μg/mL), 4 (10 μg/mL), 2, 3 and 6−12 (25 μg/mL), and positive controls (BHA, BHT and TBHQ at 1.8, 2.2 and 1.66 µg/mL) were tested for LPO inhibitory activities using fluorescence spectroscopy on a Turner model 450 Fluorometer according to the reported procedure [9b,10]. The liposome, unilamellar vesicles (ULV) were prepared according to the published procedure. The peroxidation was initiated by the addition of 20 μL of FeCl 2 ·4H 2 O (0.5 mM) to the assay mixture [HEPES (100 μL), 1 M NaCl (200 μL), N 2 -sparged Millipore water (1.64 mL), DMSO or test sample (20 μL)] and 20 μL of liposome suspension. The fluorescence was monitored at 0, 1, 3 and every 3 min thereafter up to 21 min. The decrease in fluorescence intensity over time (21 min) indicated the rate of peroxidation. Each sample was assayed in duplicate and the percent inhibition was calculated with respect to DMSO control.
COX-1 and -2 enzyme inhibitory assay:
The COX-1 and -2 enzyme (prepared from ram seminal vesicles and insect cells cloned with human COX-2 enzyme and prepared in our laboratory) inhibitory effects of test samples were determined by monitoring the initial rate of O 2 uptake during the reaction in an Instech micro oxygen chamber with an electrode attached to a YSI model 5300 biological oxygen monitor at 37ºC according to published procedures [9b,11]. For example, the test sample (6 μL) was initially added to the chamber full of assay buffer (Tris-1mM phenol buffer, 600 μL, pH = 7) and hemoglobin (17 μg). Either COX-1 or COX-2 enzyme (20 μL) was then added and incubated for 2 min. Arachidonic acid (10 μL of solution at 1 mg/mL) substrate was added to initiate the enzymatic reaction. The data were recorded using QuickLog for windows data acquisition and control software. The extracts and compounds were tested at 100 and 25 µg/mL, respectively. The positive controls, commercial Aspirin, Ibuprofen, Celebrex and Naproxen, were tested at 108, 12, 1 and 15 µg/mL, respectively. Each sample was tested in duplicate, and the percent inhibition calculated with respect to DMSO control.
